Abstract: Previously, researchers found higher serum substance P (SP) concentrations in survivors of severe sepsis than in non-survivors at the time of severe sepsis diagnosis. The objectives of our current study were to determine whether there is an association between serum SP levels during the first week and sepsis mortality, sepsis severity, serum levels of tumor necrosis factor (TNF)-α and interleukin (IL)-10, and whether serum SP levels during the first week could be used as a biomarker of sepsis mortality. We determined serum concentration of SP, TNF-α, and IL-10 at days 1, 4, and 8. The end-point of the study was mortality at 30 days. We found that non-survivor (n = 104) compared to survivor patients (n = 206) showed lower serum SP levels at days 1, 4, and 8 (p < 0.001). Multiple logistic regression analyses showed an association between 30-day mortality and serum SP levels at days 1, 4, and 8 (p < 0.001) controlling for SOFA score, diabetes mellitus, age, and lactic acid levels. The most interesting findings of our study were that there is an association between serum SP levels during the first week and sepsis mortality, and that serum SP levels during the first week could be used as a biomarker of sepsis mortality.
Introduction
Sepsis carries a large number of deaths and health care costs annually [1, 2] . Tachykinin family includes substance P (SP), neurokinin A (NKA), neurokinin B (NKB), and endokinins [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Tachykinins are present in the peripheral and central nervous systems, respiratory system, urinary system, immune system, gut, and blood vessels. Tachykinins are involved in different biological processes, such as transmission of nociceptive responses, airway contraction, salivary secretion, smooth muscle contraction, inflammation, vasodilatation, and plasma protein extravasation. SP is involved in
Results
Comparisons on demographic and clinical characteristics between non-survivor (n = 104) and survivor severe septic patients (n = 206) at moment of severe sepsis diagnosis are showed in Table 1 . We did not find statistically significant differences between non-survivor and survivor severe septic patients on sex, COPD, chronic renal failure, ischemic heart disease, PaO 2 /FIO 2 ratio, leukocytes, bilirubin, bloodstream infection, site of infection, microorganism responsible of the infection, and serum levels of TNF-α. However, we found that non-survivors with severe sepsis compared to survivors had lower platelet count, and higher age, SOFA score, lactic acid, INR, creatinine, aPTT, APACHE-II score, serum IL-10 levels, and rate of diabetes mellitus. In addition, non-survivors had lower serum levels of SP at the time of severe sepsis diagnosis (p < 0.001). Table 2 compares changes in serum levels of SP, TNF-α and IL-10, and SOFA score during the first week of severe sepsis. Non-survivors in respect to survivors showed lower serum levels of SP (Figure 1 ), and higher SOFA score and serum levels of IL-10 during the first week. In addition, we found higher serum levels of TNF-α in non-survivor as compared to survivor septic patients at days 4 and 8 of severe sepsis diagnosis. Table 3 shows the correlations between serum levels of SP, TNF-alpha and IL-10, and SOFA score during the first week of severe sepsis. There were found a statistically significant negative correlation between serum SP levels and SOFA score at day 4 of severe sepsis diagnosis, and a trend of not statistically significant at days 1 and 8. Serum substance P levels in survivor and non-survivor severe septic during the first week. Table 3 . Correlations between serum levels of substance P, TNF-α and IL-10, and SOFA score during the first week of severe sepsis. In Table 4 and Figure 2 appears ROC curve analyses for serum SP levels at days 1, 4, and 8 to predict 30-day mortality. We found that serum SP levels at day 1 (p < 0.001), day 4 (p < 0.001), and day 8 (p < 0.001) could predict 30-day mortality. In Table 4 and Figure 2 appears ROC curve analyses for serum SP levels at days 1, 4, and 8 to predict 30-day mortality. We found that serum SP levels at day 1 (p < 0.001), day 4 (p < 0.001), and day 8 (p < 0.001) could predict 30-day mortality. Curves of receiver operation characteristic analysis using serum Substance P levels at days 1, 4, and 8 as a predictor of mortality at 30 days in severe septic patients. Table 4 . Receiver operation characteristic analysis using serum Substance P levels at days 1, 4, and 8 as predictor of mortality at 30 days in severe septic patients: sensitivity, specificity, positive and negative likelihood ratios, positive and negative predicted values. Figure 2 . Curves of receiver operation characteristic analysis using serum Substance P levels at days 1, 4, and 8 as a predictor of mortality at 30 days in severe septic patients. Table 5 shows multiple logistic regression analyses, and we found an association between 30-day mortality and serum SP levels at days 1, 4, and 8 (p < 0.001) controlling for SOFA score, diabetes mellitus, age, and lactic acid levels. In Figure 3 appears Kaplan-Meier survival analysis at days 1, 4, and 8 of severe sepsis diagnosis according to different serum SP levels. We found a higher risk of death risk in patients with serum SP levels < 339 pg/mL at the time of severe sepsis diagnosis than in patients with higher concentrations (Hazard Ratio = 3.5; 95% CI = 2.35-5.18; p < 0.001), in patients with serum SP levels < 203 pg/mL at day 4, and in patients with serum SP levels < 148 pg/mL at day 8.
concentrations . Survival curves at 30 days using serum substance P levels higher or lower than 339 pg/mL.
Discussion
To our knowledge, the current study is the largest reporting data on circulating SP levels from septic patients. The most interesting findings of our study were that there is an association between serum SP levels during the first week and sepsis mortality, and that serum SP levels during the first week could be used as a biomarker of sepsis mortality.
In a previous study [26] , we found higher serum SP levels at moment of severe sepsis diagnosis in survivor than in non-survivor severe septic patients; thus, a novel finding of our current study was that survivor severe septic patients showed persistently higher serum SP levels during the first week than non-survivors. We have not determined serum SP levels in healthy controls; however, the serum SP levels found in our survivor and non-survivor severe septic patients were lower than those described from healthy volunteers in the data set of kit used for the assay (mean 628, and range 402-1576 pg/mL). Our findings are in accordance with those from the study by Arnalic et al. with 42 septic patients, in which were found lower plasma SP concentrations in septic patients compared to healthy controls [24] ; and with those from the study by Jacob et al., in which was found lower SP expression in small bowel from patients with than without peritonitis [25] . On the other hand, our findings contradict with those of the study by Beer et al. with 61 septic patients, in which were found higher serum SP concentrations in septic patients compared to healthy controls and in non-survivor compared to survivor patients during the final phase of sepsis [23] .
In our previous study, an association was found between sepsis mortality and serum SP levels at moment of severe sepsis diagnosis [26] ; then, the association between sepsis mortality and serum SP levels during the first week found in our current study is another new point. In addition, the capacity of serum SP levels at moment of severe sepsis diagnosis to predict 30-day mortality was found in our previous study [26] ; then, another novel finding of our current study was that serum SP levels at days 4 and 8 also could predict 30-day mortality.
The role of SP in sepsis remains unclear. On the one hand, in some studies was found that SP could play a role in the inflammatory response to sepsis by the release of pro-inflammatory cytokines as IL-1, IL-6, and TNF-α [13] [14] [15] [16] . On the other hand, in other studies it has been found that the intravenous administration of SP in animal models with spinal cord injury decreased TNF-alpha, IL-6, and iNOS, and increasied IL-10 [17, 18] . However, in our study we found no correlation between serum levels of SP, TNF-α, and IL-10. Besides, SP could pay a role in the phagocytosis; and therefore, in the microorganism clearance and infection control [19] [20] [21] [22] . In a study by Verdrengh et al., Staphylococcus aureus was administered intravenously to neurokinin-1 receptor (NK-1R) knockout mice (without receptors to substance P) and control mice, and found that NK-1R knockout Figure 3 . Survival curves at 30 days using serum substance P levels higher or lower than 339 pg/mL.
The role of SP in sepsis remains unclear. On the one hand, in some studies was found that SP could play a role in the inflammatory response to sepsis by the release of pro-inflammatory cytokines as IL-1, IL-6, and TNF-α [13] [14] [15] [16] . On the other hand, in other studies it has been found that the intravenous administration of SP in animal models with spinal cord injury decreased TNF-alpha, IL-6, and iNOS, and increasied IL-10 [17, 18] . However, in our study we found no correlation between serum levels of SP, TNF-α, and IL-10. Besides, SP could pay a role in the phagocytosis; and therefore, in the microorganism clearance and infection control [19] [20] [21] [22] . In a study by Verdrengh et al., Staphylococcus aureus was administered intravenously to neurokinin-1 receptor (NK-1R) knockout mice (without receptors to substance P) and control mice, and found that NK-1R knockout mice compared to control mice showed fewer phagocytose bacteria capacity of macrophages, higher burden of staphylococci in the kidneys, more severe arthritic lesions with more severe synovitis and cartilage/bone destruction, and higher 11-day post-infection mortality rate [19] . In a study by Yang et al. it was found that the administration of NK-1R antagonist reduces pulmonar bacterial clearance and survival in mice undergoing to traumatic brain injury and intrapulmonary infection with Pseudomonas aeruginosa [20] . In a study by Kincy et al., Salmonella was administered orally to mice previously or not treated with an NK-1R antagonist and there was found that mice pretreated with the NK-1R antagonist compared to mice control developed more severe salmonellosis and had lower survival rates [21] . In a study by Lighvani et al., it was found that mice pretrated with a NK-1R antagonist before a corneal infection with Pseudomonas aeruginosa showed more severe disease with higher corneal perforation rate that control mice [22] .
We think that the finding of our study about that non-survivor severe septic patients showed persistently lower serum SP levels during the first week than survivors could represents that non-survivor patients showed a lower phagocytosis capacity and microorganism clearance. Besides, according to the findings of those studies in animal models with SP administration, it is possible that non-survivor patients showed a lower inflammatory state. More research could be interesting to confirm our findings due to that in that case, serum SP levels determination could be used in clinical practice to estimate the prognosis of these patients, and one new approach in the research for the treatment of these patients could be suggested.
Our study had some limitations. First, we have not determined serum SP levels in healthy volunteers, septic patients without criteria of severe sepsis, and other critically ill patients; however, the objective of our study was not to determine whether severe sepsis influenced serum SP levels, but rather was to determine whether there is an association between serum SP levels during the first week and sepsis mortality, and whether serum SP levels during the first week could be used as a biomarker of sepsis mortality. In addition, serum SP levels found in our survivor and non-survivor severe septic patients were lower than those described from healthy volunteers in the data set of kit used for the assay (and were lower in our non-survivor than in survivor septic patients). Second, the determination of serum substance P levels during more days of follow-up could be interesting. Third, we have not evaluated the phagocytosis capacity in survivor and non-survivor septic patients. Fourth, we have not determined circulating levels of interleukin-6 and c-reactive protein. Fifth, we did not calculate sample size in our study although was enough to find that there is an association between serum SP levels during the first week and sepsis mortality, and that serum SP levels during the first week could be used as biomarker of sepsis mortality. Sixth, there is a new sepsis definition [27] ; however, we used the same sepsis definition in both works of our team [28] .
Methods

Design and Subjects
A prospective, multicenter, observational study was carried out with 321 severe septic patients in Intensive Care Units from six Spanish hospitals: Clínico Universitario de Valencia (Valencia), Insular (Las Palmas de Gran Canaria), San Jorge (Huesca), Universitario de Canarias (La Laguna. Tenerife), Universitario Dr. Negrín (Las Palmas de Gran Canaria), and Universitario Nuestra Señora de Candelaria (Santa Cruz de Tenerife). The study was approved by the Institutional Ethic Review Boards of the six hospitals. Patients or family members signed the informed consent to participate in the study. The study adheres to the World Medical Association Declaration of Helsinki regarding ethical conduct of research involving human subjects.
The criterion for inclusion was severe sepsis according to the International Sepsis Definitions Conference [28] . Criteria for exclusion were: pregnancy, lactation, age < 18 years, steroid, immunosuppressive or radiation therapy, human immunodeficiency virus (HIV), white blood cell count <1000/µL, solid or hematological tumor.
Previously, we determined other circulating biomarkers in some of those patients [29] [30] [31] [32] . In a previous work, we analyzed serum SP levels in 238 severe septic patients at the time of severe sepsis diagnosis (within 2 h of the diagnosis of severe sepsis) [26] . In the current work, we have analyzed serum SP levels in 310 severe septic patients during the first week of severe sepsis.
The end-point of the study was 30-day mortality. We also collected the following variables: sex, age, ischemic heart disease, diabetes mellitus, chronic obstructive pulmonary disease (COPD), chronic renal failure (defined as glomerular filtration rate lower than 60 mL/min per 1.73 m 2 ), Sepsis-related Organ Failure Assessment [SOFA] score [33] , platelets, pressure of arterial oxygen/fraction inspired of oxygen (PaO 2 /FIO 2 ), leukocytes, lactic acid, international normalized ratio (INR), creatinine, bilirubin, activated partial thromboplastin time (aPTT), Acute Physiology and Chronic Health Evaluation II (APACHE II) score [34] , bloodstream infection, empiric antimicrobial treatment, microorganism responsible, and site of infection.
Determination of Serum Concentrations of SP, Tumor Necrosis Factor (TNF)-α, and Interleukin (IL)-10
Blood samples were collected from patients on day 1, 4, and 8 of severe sepsis diagnosis to determine serum concentrations of SP, TNF-alpha, and IL-10. Blood samples were deposited in serum separator tubes, then blood samples were allowed to clot for 10 min at room temperature, later were centrifuged at 1000× g for 15 min and the supernatant was immediately stored in aliquot at −80 • C until assayed to the end of the recruitment process. Samples were transported between different locations in refrigerated boxes with dry ice. The determinations of serum concentrations were performed at the end of the recruitment process in the Laboratory Department of the Hospital Universitario de Canarias (La Laguna, Tenerife, Spain) blinded to clinical data.
Serum SP levels were assayed by specific Enzyme Linked Immunosorbent Assay (ELISA) according to the manufacturer's instructions (R&D Systems, Abingdon, UK). Serum concentrations of TNF-alpha and IL-10 were determined using solid-phase chemiluminescent immunometric assays using Immulite ® (Siemens Healthcare Diagnostics Products, Llanberis, UK). The intra-assay coefficient of variation (CV) were 9%, 3.6%, and 9.9%, respectively. The inter-assay CV were 15%, 6.5%, and 9.9%, respectively. The detection limits for the assays were 25, 1.7, and 1.0 pg/mL, respectively.
Statistical Methods
We reported categorical variables as frequencies (and percentages), and continuous variables as medians (and interquartile ranges); and we used chi-square test and Mann-Whitney U test, respectively, for the comparison between patient groups.
We did receiver operating characteristic (ROC) analyses using serum SP levels at days 1, 4, and 8 as prognostic variables; and survival at 30 days as classification variable. Youden J index was used to select the optimal prognostic cut-off value of serum SP levels for days 1, 4, and 8. We made multiple logistic regression analyses to test the association between 30-day mortality and serum SP levels at days 1, 4, and 8, controlling for SOFA score, lactic acid levels, diabetes mellitus, and age. To measure the clinical impact of prognostic variables were calculated hazard ratio and its 95% confidence intervals (CI).
We analyzed 30-day survival using Kaplan-Meier method; and we used serum SP levels higher or lower than 339 pg/mL at day 1, 203 pg/mL at day 4, and 148 pg/mL at day 8 as the independent variables, survival at 30 days as the dependent variable, and log-rank test for the comparison. We used those serum SP levels values (339, 203, and 148 pg/mL) because are the optimal prognostic cut-off values according to Youden J index calculations.
Spearman's rank coefficient was used to determine the correlation between serum levels of SP, TNF-α and IL-10, and SOFA score at days 1, 4, and 8. Values of p less than 0.05 were considered statistically significant; besides, Bonferroni correction was used in multiple comparisons. We performed statistical analyses by SPSS 17.0 (SPSS Inc., Chicago, IL, USA) and NCSS 2000 (Kaysville, UT, USA).
Conclusions
The current study is the largest reporting data on circulating SP levels from septic patients. The most interesting findings of our study were that there is an association between serum SP levels during the first week and sepsis mortality, and that serum SP levels during the first week could be used as biomarker of sepsis mortality based on findings in our population.
